functions depend on host Fc gamma receptors (FcγRs) that bind the Fc portion of antibodies, and singlenucleotide polymorphisms (SNPs) in these receptors can affect immunoglobulin (Ig)G binding affinity. Accordingly, these SNPs can alter the ability of effector cells bearing FcγRs to facilitate Fc-mediated antibody functions [2] [3] [4] [5] [6] [7] .
Two polymorphic FcγRs of interest are FcγRIIa and FcγRIIIa. FcγRIIa is an activating receptor found on many cell types: monocytes, macrophages, neutrophils, and platelets, among others. The receptor has a polymorphism (SNP rs1801274) in its gene (FCGR2A) that encodes either a histidine (H) or arginine (R) at amino acid position 131 [8, 9] . The H allele is associated with higher affinity IgG binding [5, 7, 9] . FcγRIIIa is less widely expressed than FcγRIIa, but it is the major FcγR found on natural killer cells, a key mediator of ADCC. The FcγRIIIa gene (FCGR3A) similarly encodes a SNP that alters binding affinity (SNP rs396991). FCGR3A encodes a valine (V) or phenylalanine (F) at codon 158, and the V form has higher affinity for IgG [5, 10, 11] . Cells expressing high-affinity receptors mediate higher levels of Fc-mediated effector functions compared with cells expressing their lower affinity counterparts [2, 4, 6] . However, studies examining the impact of these FCGR2A and FCGR3A polymorphisms on HIV acquisition and progression have variable results [2, 3, [12] [13] [14] [15] [16] [17] [18] [19] [20] .
These FcγR genotypes may be particularly relevant to motherto-child transmission (MTCT) because ADCC has been implicated in transmission risk and in infected infant disease course [21, 22] . This study addresses the impact of FCGR2A and FCGR3A polymorphisms on MTCT in a historical cohort in which ADCC has been described as a correlate of protection [21, 22] . In this study, we show that infant genotypes are not associated with HIV infection or progression. In mothers, FCGR2A genotype did not influence transmission risk, but there was evidence of FCGR3A genotype impacting early postpartum MTCT.
METHODS

Study Design
Antiretroviral naive mother-infant pairs from the Nairobi Breastfeeding Trial [23] were selected for genotyping based on availability of HIV infection outcome and a sample for genotyping (N = 379). At the time of the original trial, antiretrovirals were not the standard of care in Kenya, and thus no mothers or infants received treatment for prevention of MTCT. Infants were tested for HIV DNA at birth, 6 weeks, 14 weeks, 6 months, and every 3 months thereafter until 2 years of age. For those infants who tested positive, samples prior to the first HIV DNA positive test were screened for HIV RNA to more precisely define infection timing. Time of infant infection was estimated as the midpoint between the last negative HIV DNA or RNA test and the first positive test. Regular sampling allowed for accurate estimation of infection timing and progression in infants who became infected. Additional data on pregnancy and delivery were available for the cohort [23] [24] [25] . Maternal RNA plasma viral loads from enrollment during pregnancy (N = 362) were used for calculations [23, 24] . If maternal viral load from pregnancy was not available (N = 17), the first available viral load after delivery was used. Breast milk viral loads were available for 265 women [25] . The earliest breast milk viral load available was used for each woman; the majority of samples were from the first 6 weeks after delivery (N = 244), and the remaining samples were from week 7 to month 7 after delivery (N = 21). For viral loads less than the assay cutoff, the viral load was set as the midpoint between 0 and the cutoff. The ethical review committee of the Kenyatta National Hospital Institutional Review Board, the Institutional Review Board of University of Washington, and the Institutional Review Board of the Fred Hutchinson Cancer Research Center approved the study.
FCGR2A and FCGR3A Genotyping
DNA extracted from blood ( peripheral blood mononuclear cells or filter paper), breast milk, or cervical and vaginal samples was available for most individuals [26] [27] [28] [29] . If not, DNA was extracted from plasma (31 mothers, 9 infants) using QIAGEN DNEasy or filter paper (6 infants) using the QIAGEN QIAamp DNA Mini Kit, per the manufacturer's protocol.
FCGR2A and FCGR3A genotypes were determined using TaqMan SNP Genotyping Assays C_9077561_20 and C_25815666_10, respectively (Life Technologies). TaqMan assays were previously verified in the laboratory by sequencing a subset of samples [18] . Control DNAs of known genotypes (determined by Sanger sequencing) were included in each TaqMan assay (Coriell Cell Repository). used to determine whether SNPs were in Hardy-Weinberg equilibrium and to determine linkage disequilibrium between the two SNPs. Viral loads were log 10 transformed for all analyses. Analyses were not adjusted for multiple comparisons because our main findings (on the impact of genotypes on infection/ transmission and infant progression), set a priori, were not statistically significant [30] . We then performed additional exploratory analyses to further explore a potential mechanism behind the statistical trend observed with the association between maternal FCGR3A genotype and transmission.
Statistical Analysis
RESULTS
Study Population Characteristics
In this study, 379 mothers and their corresponding infants from the Nairobi Breastfeeding Trial [23] were genotyped for FCGR2A and FCGR3A. Overall, there were 87 infant infections. Mothers who transmitted the virus to their infants had higher plasma viral loads (4.96 vs 4.47 log 10 copies/mL, P < .0001), lower CD4 counts (360 cells/mm 3 vs 447 cells/mm 3 , P = .0002), and were more likely to be in the breastfeeding arm of the original study (64.4% vs 45.2%, P = .002) ( Table 1 ). In this cohort (which included in utero, delivery, and breastfeeding transmissions), maternal age, gravidity, delivery type (vaginal vs Cesarean section), prolonged membrane rupture (≥4 hours), and labor duration were not significantly associated with transmission risk. Human immunodeficiency virus-infected infants were more likely to be premature (12.7% vs 4.6%, P = .029), and there were more deaths during follow-up in infected infants than uninfected infants (44.8% vs 10.3%, P < .0001). Infected infants had an average set point viral load of 5.85 log 10 copies/mL. These characteristics are similar to those found in the larger trial cohort [23, 24] .
FCGR2A and FCGR3A Genotype Distributions
Of the 379 infants genotyped for FCGR2A, 88 (23.2%) were homozygous for the high-affinity allele (H/H), 178 (47.0%) were heterozygous (H/R), and 113 (29.8%) were homozygous for the low-affinity allele (R/R). Mothers had similar distributions of FCGR2A alleles: 88 (23.2%) H/H, 174 (45.9%) H/R, and 117 (30.9%) R/R. For the FCGR3A genotype, 41 (10.8%) infants were homozygous for the high-affinity allele (V/V), 173 (45.6%) were heterozygous (V/F), and 165 (43.5%) were homozygous for the low-affinity allele (F/F). Mothers also had similar distributions of FCGR3A alleles: 44 (11.6%) V/V, 152 (40.1%) V/F, and 183 (48.3%) F/F. The sample population was in Hardy-Weinberg equilibrium for both FCGR2A (χ 2 = 3.35, P = .07) and FCGR3A (χ 2 = 0.48, P = .49), and there was some evidence of linkage disequilibrium for the 2 SNPs (χ 2 = 11.36, P = .02), as has been reported by others [18, 31] . Table 3) . With regard to FCGR3A, infant genotype was not associated with HIV infection (P = .72; Table 2 ). Maternal-infant FCGR3A genotype concordance was not associated with transmission or infection (Table 3 ). However, there was a trend for an association between maternal FCGR3A genotype and transmission (P = .07; Table 2 ). We unexpectedly found that heterozygote mothers seemed to be at greatest risk of transmission. When dichotomizing mothers into FCGR3A heterozygotes (V/F) and homozygotes (V/V or F/F), in a Cox proportional hazards model, heterozygotes had a 64.5% increased risk of transmission compared with homozygotes (P = .02). Furthermore, in a logistic regression controlling for factors associated with maternal transmission ( plasma viral load, breastfeeding, and infant prematurity), the heterozygote genotype (V/F) was significantly associated with increased odds of infant infection compared with FCGR3A low-affinity homozygotes (F/F) (OR = 2.17; 95% CI, 1.11-4.24; P = .02). However, when comparing mothers with at least 1 high-affinity allele (V/F or V/ V) to those mothers with only the low-affinity allele (F/F), there was not a statistically significant association between genotype and transmission (P = .14), suggesting that the presence of the high-affinity allele alone was not associated with increased transmission. Infant FCGR3A heterozygotes were not at an increased infection risk compared with homozygotes in a Cox proportional hazards model (hazards ratio [HR], 1.18; P = .44).
We next examined time to infant infection using KaplanMeier analyses to determine whether maternal FCGR3A genotype was associated with a particular transmission mechanism. In a log-rank test, there was a trend in association between maternal FCGR3A genotype and time to infant infection (P = .053). The Kaplan-Meier curves suggest that the majority of excess transmission risk in heterozygotes occurs during the peripartum period ( Figure 1A) . During this time, infections may be due to delivery or early breastfeeding. To address these possibilities, we dichotomized the mothers into breastfeeding (N = 188) and formula feeding (N = 191). The excess peripartum transmission risk in heterozygotes was observed in breastfeeding mothers (Figure 1B and C) , but the effect was not statistically significant by log-rank analyses (P = .13). However, in a Cox proportional hazards model, a trend in heterozygotes having increased risk of transmission compared with homozygotes was observed (HR, 1.64; P = .064).
Because FcγR genotypes influence antibody effector functions (eg, ADCC) that may modulate viral load (reviewed in [1, 32, 33] ), and because maternal breast milk viral load is a major risk factor for transmission [25] , we hypothesized that FCGR3A genotype impacts breast milk viral load. Maternal FCGR3A heterozygotes (2.73 log 10 copies/mL) did have slightly higher median breast milk viral loads than V/V (2.61 log 10 copies/mL) and F/F (2.54 log 10 copies/mL) homozygotes; however, in a linear regression model, maternal FCGR3A genotype was not associated with breast milk viral load (P = .37) ( Figure 1D ).
Infant FCGR2A and FCGR3A Genotypes and Human Immunodeficiency Virus Progression
Although infant FCGR2A and FCGR3A genotypes were not associated with infection risk, genotypes may alter disease progression in infected infants. Because passively acquired Fc-mediated Abbreviations: CI, confidence interval; MTCT, mother-to-child transmission; OR, odds ratio. a "Concordant" represents mother/infant pairs with the same FCGR2A or FCGR3A genotype. "Nonconcordant" represents mother/infant pairs in which the mother and infant had different genotypes. The multivariate analyses were adjusted for factors associated with MTCT in the cohort: maternal plasma viral load, breastfeeding, and infant prematurity.
ADCC activity has been associated with increased survival in HIV-infected infants in this cohort [22] , we hypothesized that high-affinity FcγRs would be associated with slower disease progression. We examined both set point viral load and time to mortality after estimated infection as measures of disease progression. Set point viral loads were available for 49 (56.3%) infected infants [34] . In these infants, set point viral load was not associated with either FCGR2A (P = .35) or FCGR3A (P = .70) genotypes in a linear regression model (Figure 2A and B). FCGR2A (P = .16) and FCGR3A (P = .95) infant genotypes were also not associated with mortality after estimated infection ( Figure 2C and D) .
DISCUSSION
In this study, we examined FCGR2A and FCGR3A genotypes in a cohort in which Fc-mediated responses are predictive of MTCT and disease progression [21, 22] , thus allowing us to assess the relevance of FcγR genotype. Overall, infant genotypes were not associated with infant infection or progression, indicating that these polymorphisms may not be important predictors of HIV outcome. In mothers, FCGR2A genotype was not associated with transmission, but FCGR3A heterozygotes had an increased risk of MTCT. Our finding that infant FCGR2A genotype does not impact infant infection risk differs from the one previous study of FCGR2A genotypes in MTCT that observed more infections in infants with the high-affinity receptor [14] . This prior study by Brouwer et al [14] was of similar sample size to our study, but it only considered perinatal infections. Similarly restricting our analyses, we did not observe a significant correlation between infant FCGR2A genotype and perinatal infection (data not shown). Therefore, the difference in results may be due to cohort differences, which included a restriction to women who were asymptomatic for HIV infection in the prior study. Thus, further studies are needed to clarify the impact of FCGR2A genotype on MTCT in different settings. Infant genotype was also not associated with infected infant disease progression (set point viral load and mortality). These results support Brouwer et al [14] who similarly observed no association between FCGR2A and infant mortality. Overall, these data suggest that FCGR2A and FCGR3A genotypes likely do not substantially contribute to disease progression in HIV-infected infants.
The observation that infant FCGR2A and FCGR3A genotypes do not influence infant infection or disease progression has important implications for treatment and therapy. Given that Fcmediated ADCC activity has been suggested to provide protective and/or therapeutic benefits (reviewed in [1] ), our results suggest that host FcγR genotype may not impact vaccination or therapeutic regimens that depend on Fc-mediated antibody activities. Nonetheless, our study does not exclude the possibility that other FcγR SNPs, copy number variants, Fc genotypes (IgG allotypes), or posttranscriptional variation of these receptors may influence MTCT. For example, results from the RV144 vaccine trial, which showed evidence of protection in vaccinated adults, suggest that a FCGR2C polymorphism was associated with protection [20] . Although previous work in our laboratory observed a role of ADCC in infant outcome in a subset of the population studied here [21, 22] , we were unable to analyze the collective effect of ADCC and FcγR genotypes because the ADCC studies were not performed with effector cells bearing individually matched FcγR genotypes of the mothers and infants. Future studies that examine ADCC using donor cells matched to host FcγR genotypes may help clarify the impact that these receptor genotypes have on ADCC activity and MTCT.
In mothers, FCGR2A genotype was not associated with transmission, but FCGR3A was associated with transmission risk. We unexpectedly found that FCGR3A heterozygotes (V/F) had increased risk of transmission compared with homozygotes (V/V or F/F). In particular, there was increased peripartum transmission in breastfeeding mothers, indicating that transmissions during the early breastfeeding period may be impacted by FCGR3A genotype. The biological mechanism for this heterozygote disadvantage is unclear. In vitro data vary, but they do not suggest that FCGR3A heterozygotes have lower antibody binding or functional (eg, ADCC) activity compared with the 2 homozygote groups [2, 4, 6, 35] . In addition, in our analyses, maternal FCGR3A genotype was not associated with breast milk viral load, a major risk factor for breastfeeding transmission [23, 25] . One older study by Lehrnbecher et al [19] observed higher rates of Kaposi's sarcoma (a marker for HIV progression) in FCGR3A heterozygotes compared with low-affinity homozygotes. These results suggest that maternal heterozygous may have more advanced disease and be more likely to transmit the virus; however, this hypothesis was not supported by maternal viral load data (another marker of progression), which showed similar viral loads across maternal genotypes. Because the significance of the heterozygote disadvantage observed in our study was modest, it is important that the results be verified in a larger cohort before efforts are made to define the mechanism.
CONCLUSIONS
This study was the first to examine the impact of both FCGR2A and FCGR3A genotypes in HIV-infected mothers and their infants. Importantly, these receptor genotypes were studied in a population in which Fc-mediated ADCC activity has been shown to impact infant outcome [21, 22] . Overall, these results suggest that infant FcγR genotypes do not impact infection or disease progression. In mothers, there was some evidence that FCGR3A genotypes may impact transmission risk in the early breastfeeding period; however, more work will be needed to confirm this association and to explore potential mechanisms.
